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1. INTROI (lION

Thre mechanical properties of'chrloiumtll and chrlifiiliiibbhc ;illo~ 'N mie adf~cl\ affected
by their reaction x\ ith nitrogen at high temlpfrattIeN anid a kno0\kledge (of It riALIL kinetlics Is
expected to be helpful1 in the deselopment of chroninin-hase llo\s 10or g~as ltrine applications,
Although tire rate of' nitriding of' chromium has ben sItidied h\ secriI iii'est ilatorN.1 I tile
data are \er\ limited: only Scherdtffegerl studied th leffect of nit roglen preNS ure and Il' stiLd
wtas restricted to isso temiperaltures. 1 1001 and I -'(( ( I hie Nwin ride ( I N, fili (o'rnred onl
chromium is, un1iform1 inl thickniess. denlse and aldlicreirt anid if foririat iii lollos~ N lit ,iolic
kinetics. It has been cleans establishied' l-: that tile lr'imih oftile film otm hr\ tsile difinsioli
of nitrogn iiirough tile nillride film.

The present \koik \\its undertaen to studsi [le 1,1-1k 0cI~ tfi lie rIOM~Ii Of clir'r1Iiurr subl-
nitride onl ciroriiiuni i nitrogenl gas oser thle terrpeLiturec rmice. (r I 2-0 ( ats a ttiiictioir
of nlitr'ogen pr-essurfe. iid tolanal'. se the kinetickdata usniliedtildlirlb nnna!rnet
onl the (rI N ,\stemn presiousl\ reported b\ tlie pr~irTfltiilior

A eras met ric tCCI lirile \%a utLsed to (feter[ii tl Ie r 1CIate of' irit1 dL IIIL I Ilie tleInuCI11ill,1nCe
\Nas a (aImII atomailc rCcordIinu R.(i. Fiectrobalairke amid the appi tuiN fo trl 'raI!Ure c1111101.
pressure control and nitrogen purfification1 has beenI LIeSCIbed fin detail else'.. hre ,I lie ipoititarn
feature of' thle s\vstenr is thle use of' a So0 rnrrl t~be Of' i1Itided titaiinti at thle bottom11 of tile

alumina reaction t111'e. lTre Specimen \%its suspendedCL Ill tile CCIIII rc of11 r Iis ub. \0110 IchhiriurratMd
Ilre possibility of'oxidatio1 itoftlie specimen 0\ residual o\\eri arid %tter aipour if, ilkapiraiiiiN

011l\ one specinien. s'.itl dimensions S S 24 nut\Nias us~ed in thle esperiricnt' It

prepared f'rom rolled strip of' hligl-pUrit\ efectrolic di'. , ol~i- 11 h~-
paipers under kecrosenle d0%Ir it to 4 0I. tlre il 'sltif12 (Ill turn11) ill Iet rleurril I. ether0 Alohlaid
acetonle. [hle speciltreri \sias de-osidi/ed ill thre apparatlus Ill llidogenl atl I200i ( Imr lioiii
prior to thre nitridiri stuicis. lfore each test. tile. sl'CeIriCII SiaN ellIibrateI~ ll atfile test te~ir)ipe

ture ini Iitrogenir l atapesuejs helm'.. tire discLiNC11 I) [ presre of' 1 lihe pl~r
"its their raised to tire saILIC selected for1 tire test. Ar tilie nIld of at test, tIic pressUre \\A i CLdif
so that tire ( r-N- issociated arnd tIre C11ironriur11 sf-COcirie \a% ereit ed IC' , IIAM10 lie nest '-
Witli this prrcediire. thie ireasureirreits, siCe rliade III a sel.s shl 1irtiC ilid tlie ulirietiriilk
associated \.sitl il~e use of separateli specirireirs mrf Cereli rest \\IL CiehIriitiitem

3. RESt IATS

It \%as I,01rind. illi e clliri t si it hi t he tresu Its of mt icr i r ikcs. thl I I I I utit1ireII 0 I clII 'un ii ii

f'Ollows if ~e parabolic lass

"shere \ if iseilir Lclilr rice (rittill 111diii'v. I iriill~ aC I 'Ih Isfic iiiiii. A p.i ibm'1
rate constaif I. irnI reitit] t une II I l I C ureII t s I Auiim ' slnois I\ p)itlA re'niisI Iitll LIltillk \Ns1t1i

tIs lass\ ,I)I)CpI(CIrrILe Of A .I able I. MI Irge pie'rir arlI~ -1 id tCIripeItIrr is sIlik' 1 1 M Ill I mu'llI

\,% here A is, plottedl ucurisit bc i-: I or clint t id L 011innp0iCtNNs. I lke \ Ins- Of A ;ire sk~illed

b\ at "actor It anid mfspilNj L by a\ Amrtn (O~dl Islioss\ 411 1ii lIuI I lie ic1hntiori het-I\NCei A arid
Iog) I' Is bell reicriteIfI( b'\ .1 'rtrrnmal-lrpe Ii I lie iiithetl Ii i I'i '[c diii Irlc



lower tempetatures. w\here. Aith nitrogen pressures restictecd to ;1 iniosphcie. it s s .i hie
to study the reaction ss ith compositions at tile subnn r-ide 11i Iiol.et lliteik~ tli- I, Olet tiapper

limiting composition of -CrN-. Abos C 1100 C. mitich higl et plCNUC HCsu lCesIC 1r0qute si udis
the same composition rantie e.g. at 1250 C, thle -Nr .,N ( rN etqUi11iht ur preSSUIC is .1bo1.t

1160 k Pa 5
SchwerdtfeLecrs results are also plotted in I igure 3. At 1 2 1)1 il OX .)C1.1 atieC, ~ i rld.

his values for k are lolser than the present results. At Ilt ( C. SLlclttditeerieiore one
value ofkA' and his curve showed no inflectioin. If equal %,seiglit I, at lached to ealch poitt. aevrce-

ment with the present %\ork at 11(00 C is \er\ itOOd mid at swLintid~al-Nltped cturse is tbhliincd.

4. DISCUSSION

Wagner 7 dleriked ati expfressioll relating the parabiolic rate conitant atnd the dillfusion1
coefficients of the anions and cations in the scale formled otIt a metCa i111i11 21 rectinlll \601~

a gag. In the case of' -C rN. "shere nitrogen is the diffusingL species. \Aigiltrs CLquat0 ott ts

the following relation betsteen kA and the self-d ili Sits of' liliroiL!CnI)

A 2 P I I I a %

where A 'is inl [(g nitrogenCl in min 1] c is thle Conetittion of lltttrt'eii lIn h-, litriiil iti

D.\* is ino" (min ').(*and a%~ is the nitrogen aictisits us itli the indices antd I reeil lo tile
subnitride-gas and suhnitride-chromniurn interfaces respectisels. IM )itecntiating I qullton (2
and setting a.\5 1 17'" Cs

0<M13 d 1(L p

A siniphif, ig assutmptiotn irtuolsed inl thle drIisaition Of I Ouliiotts i JAnd I I, that thec
concentration c is essentially constatnt and that the unidiiecttittal dithiustritI tlis it at itr

time is the same Ii ll] platnes throughout.1 thle Utarnislt laseml thi is 1, 'iiil Jsiits i

phases of' narrow coimposit ion range.
For Ur.,N". us hicli has a relatisels ss ide coitipo,,i iiiItlw'slu id tei t d &l,l tie

folloss ig modification of Wagner', equation. based tnl the a1s-uilipt il t1 1 hitl tie i il

c,-ntratiorr prolile across tile SUbnitride is litnear.

)A here ;Ilaid] are i i nit riten ctincetratiotns alItlie sitltiilI d c 1 t.1 l ' iW , 1, tl I l w

interfice,,, respectisel\ lDifhentIiiti)[n [quat1ith (4) Mid scttiticp 1%

P(2, I
30 1 ~ , 0c , (,- I~.

Schuserdtheer'st dtai lot the concentration ofit itroueit ill lie itt le- till' t11 I *0 , 1 .

inl Cr, Ni . fit thle linear relation

FquaItioln (51 I itic b nit tiited (us.ingL (1 dt W%4 - I W i

Il. 1A',

pressure dtl~ ([tel 6. 1t w I i / .i11d 1/1 d c p ./ ' \i1 -) * l -, i. lIt. 1'I 11'' 1



of thle curves \Nere calculated using a us c-point formlula lor tile flr't detIs\,iIIC ol*l lt esIrItientalI

l'unction (L anc/os8).
It ditffusiont in chromiiunm subnitride is ctilshd 'cttil V i.ittIt iii'! l tilt

nitrogen vacanicies, the sel*diffusisit\ should he pririoltil, t0 file fjtIo k! tlie inurnher oft
vacant nitrogen sites ito thle number of' occupied iii t cn siti I a11 i 1 I 4 V tics
ofI* calIculte1 1cd u s ingF qua t ion ( 7)t a re pl o ttIed a, I fIctioI LkAi I ii I , t A 4 ati11,
The proposed linear relationiShip %Nis not1 obtidl. ii)Nsld th I.MC 1i% c lhrs es pisdI h a

fliliiniumnlhich StI'eestS that fihe intrinsic ditinsit Ad' /) ot nilrcil \airics , ith[le cilia
Position of' thle su hn it ride,

The dithu~isis itP\ canl hie related ot the setdtii tSP h\ thcet nat iii

A/ In It

\At hicli la\ hie re-Maraneed to gc

2-311 el di 1 oe pN

Values of, N) calcla1ted ulsing Uquattionl (9) arc IlIk~ICdI J', aI I'til11 l 1IIOllI tll Ill
I:ieu-re 6t. 1 lie ilitrinsic dilhuiskit\ of' nitrogen is SlIO055;I til depend on O lt ista' a1ci ca a li
tossards bot h le tosser and upper limits oft hec coltpos\itlitl r itgc t lie sithit I ICe innui
shifts to lossr nitroi-en contents ss itli increasing t[clnt-'M ile.

SOds \Ncalclkated usingl EqJuation tb an Md con1stant \alties t ri /)\ Ili(, resalts I', r tie
temperatures 1114 and 12544 U are plotted in [igttres 4 antI 5 tilie saInt-. of 0I ONe UssetVC
thle mn1111imum \.aties, for1 tile cur-\s Inl Figure 6i and it 11 sen that1 thle cLqni Ilibiiti dalt ( Ret. 6i.
I-ig. 1) gise a linear reclation Feceti CI)I and t1\ /I\11 Pi iiitepelIitil 0t cottpipolkiti

hosseser. the curses dot not pass thtroughi tile tripin.
It %\sas10 nut poss ''Ile tocaletlateM lCanilItfti salues 0t act isItloii etieic Ii'C u011 I he datai duie

ito the lare csariatioti l of, antd tite dissociation pressure All tile suth111itit \\etill tcitipmlurc.
and thle cotttpteI\ depenldence oh' tile dilluis'I I itsiil coi tpostltoit mitd leltiperatule.

Scltsserdtleeer iSIekslrt tilie Intrinsic dilhtst it ii o itet ii:i Ill triilin snhttltt ide at
1 2M( C and COnctided thatl it stas eset Ils ide peitdctit of COWNIIt'llo. Ilite sartattoits itl

esiperitientalks. A stItsd Of tilie dItIisit it5 of ititlo1 Cell ill clihrottiiii siihitridcel N ill udelrtakeit

to assessN tile sal l thc calculations oft dlithiislitie, ill thle presciit \\ot V

A ite%% te,.1titqie ii tlthjm siet speettlteni has bentiie siw lt kecsltlihh 10 iteet111 111Ct hi kltettes
All' thle rcjtctiioh nirgnssit ltotin osetoC1 \\0 Cis011111 tile I iitnI 1 '1C Al tCICIIIIHICi tIlitITItro

iteric~te tt li i il t t S Iis 5it [liettts h'I I t pisi th I i ttm A.i j~~ iii it llc ti\\tt st ti lli

temnpirit ite

+ I tlllllt - ld jo~ 11) I q it1111 i'll t () t 1)01111.1 i t ii , tlilt (hIi e e t ' (oill



TABLE I

Parabolic Rate Constants for the Formation of Chromium Subnitride Loawcr on Chromium in
Nitrogen

PA 2 k. PA 2
kI gl II 1111in I kPa 12 I 1mirin I k F' L2 III 111 i I

/O00 C 1050) C 11oo (/

0-265 0.95 0.465 2.0 0.41)00

0"665 1"46 0"615 2"6 1WO65 3"6

1335 176 0835 31 335

2"665 [ 1-94 1'630 3'6 1 757

5865 245 3505 4 6 5.415 7

13.335 2-80 8.725 53 13.33 103

26.665 3-13 14.895 S,9 21 .35 11 .4
28.475 68 66605 13.0

58-465 7.5 101 .331) 14.2

1150 C 1200 C 1250 C

0605 I 56 1 145 4-5 2. 1) 12.3

0740 3-5 1 165 84 34-5 -

I 12( 7-I I 970 14-7 5 ,,,S() .

1 .730 10.0 2-915 21.6 10.730 73.5

2775 13.0 4.440 29.1 2o-S75 876

4.670 16.0 7.010 34.5 40 ,45 11)5.3

8.415 19.4 11 .550 41-4 89 15) 119-7

I .620 21 .4 20.420 40-2
16.485 22.9 39-355 54.3

36 520 25.9 85.795 61 -2
98.190 30-2
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12500C 11500C
10.70OkPa 11.59 kPa 1 1000C

12000C13.30 kPa

11.52 kPa

0 3

CN-

pmN2 :13.30 kPa

0
50 t (m in) 100 150

Fiq. 1. TypicalI examnples showing that a parabolic rate law is obeyed in the nltri(lfnq of
chromium over the t em peratuLre ranqe 1000-1 2500 C.
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Oc B C

1250 1 2.4
1200 2 1.7 O
1150 4 1.1
1100 8 0.6
1050 16 0.1
1000 32 -0.2

E e

0 C
+

mC

22

10j PN 2 PN2 in kPa)

Fig. 3. Parabolic rate constant for the nitriding of chrommlir is d fulwilto1n )f mroofmi
pressure at six temperatures.



y in Cr2 N y
1.0 0.95 0.9 0.85 0.8

-12
8.10

I 1000C

C

E
z

4.10-12

2.1012

0
0 0.1 n NE]/n N 0.2 0.3

Fig. 4. Self -dif fusivity of nitrugen in chromium subnitride at 10000, 10500 and 1 100 0C
as a function of composition, -0- calculated from Eq. (7), --- calculated from Eq. (9)
f or 1 1000 C assum ing D N constant.



y in Cr2 Ny

1.0 0.95 0.9 0.85 0.8

1250"C
8.10

6.10

C

E

z
0

4.10

2.10

0
0 0.1 InN r In N 0.2 0.3

Fig. 5. Self-diffusivity of nitrogen in chromium solmitride at 1150(), 1 2OO'ar( 1 2500C
as a function of composition, --0- calculated f rom Eq. (7), * cdlcl~ldt from E q. (9)
for 12500C assuming DN constant.
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